A Gram-stain-negative, aerobic, non-motile, rod-shaped, flexirubin-producing bacterium, designated strain CC-CZW010
C 17 : 0 3-OH, summed feature 3 (comprising C 16 : 1 v7c/C 16 : 1 v6c) and summed feature 9 (comprising C 16 : 0 10-methyl/iso-C 17 : 1 v9c) as predominant fatty acids. The major polar lipid profile consisted of phosphatidylethanolamine, two unidentified lipids and five aminolipids. The polyamine pattern contained the major compound sym-homospermidine. Menaquinone 6 (MK-6) was the predominant respiratory quinone, and the G+C content of the genomic DNA was 36.4 mol%. According to distinct phylogenetic, phenotypic and chemotaxonomic features, strain CC-CZW010
T represents a novel species of the genus Chryseobacterium, for which the name Chryseobacterium echinoideorum sp. nov. is proposed. The type strain is CC-CZW010 The genus Chryseobacterium, with type species Chryseobacterium gleum, in the family Flavobacteriaceae, phylum Bacteroidetes, was first described by Vandamme et al. (1994) . Members of the genus Chryseobacterium are Gram-stainnegative, non-motile, non-spore-forming rods with parallel sides and rounded ends. The major respiratory quinone is menaquinone 6 (MK-6). The main cellular fatty acids consist of iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 17 : 1 v9c and C 16 : 1 v7c and/or iso-C 15 : 0 2-OH, and the major polyamine is sym-homospermidine. Members of this genus have been isolated from a wide variety of samples, including environmental and clinical sources (Bernardet et al., 2006; Kämpfer et al., 2009; Holmes et al., 2013) . At the time of writing, there are 89 species with validly published names within the genus Chryseobacterium (LPSN; http://www.bacterio. net/chryseobacterium.html). Since the initial description of the genus Chryseobacterium, emended descriptions of the genus have subsequently been proposed (Kämpfer et al., 2009; Wu et al., 2013) . Recently, Chryseobacterium aahli T68 T (Loch & Faisal, 2014) , Chryseobacterium artocarpi UTM-3 T (Venil et al., 2014) , Chryseobacterium gallinarum 100 T (Kämpfer et al., 2014) and Chryseobacterium contaminans C26
T (Kämpfer et al., 2014) were proposed as novel members of the genus Chryseobacterium.
While investigating bacterial diversity, an unknown bacterium was isolated from sea urchins (Tripneustes gratilla) collected in Penghu Island (238 359 N 1198 359 E) and characterized taxonomically. Sea urchin shells were introduced into sterile water and shaken at room temperature for 30 min. Each serially diluted (10-fold dilutions) sample (100 ml) was spread on marine broth agar (MA; Difco) and nutrient agar (NA; Himedia). A presumably novel strain (designated CC-CZW010 T ) was selected for further phenotypic and phylogenetic characterization.
Strain CC-CZW010
T was routinely grown aerobically at 30 8C for 2 days and stored at 280 8C in nutrient broth 2216 (NB; Himedia) supplemented with 30 % (v/v) glycerol for long-term preservation. Chryseobacterium taihuense NBRC 108747 T and Chryseobacterium aquaticum KCTC 12483
T were used as reference strains for the comparison of phenotypic properties. All strains were grown on NA at 30 8C for 2 days, unless specified otherwise.
A commercial DNA extraction kit (MO BIO UltraClean) was used to extract the genomic DNA of strain CC-CZW010
T for 16S rRNA gene amplification. The PCR was performed with bacterial universal primers 1F and 9R, and primers 3F, 5F and 4R were used in the sequencing reaction (Edwards et al., 1989) . DNA fragments encoding the 16S rRNA gene were assembled using Vector NTI 9.0 software (IBI) and deposited in the GenBank database using Sequin software. The almostcomplete 16S rRNA gene sequence (1507 nt) of strain CC-CZW010
T was compared with all validated type strains using the Nucleotide Similarity Search program (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . For analysis of DNA G+C content, DNA samples were prepared and degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The obtained nucleoside mixture was then separated via HPLC using a Hitachi L-2130 chromatograph equipped with a Hitachi L-2200 autosampler, Hitachi L-2455 diode array detector, and a reverse-phase C18 column (Phenomenex Synergi 4 mm Fusion-RP80 25064.60 mm).
Phylogenetic analysis was performed with MEGA version 6 software (Tamura et al., 2013) . Closely related 16S rRNA gene sequences were retrieved from EzTaxon-e and GenBank databases and aligned by using the CLUSTAL X (1.83) program (Thompson et al., 1997) . Phylogenetic trees were reconstructed by using 16S rRNA gene sequences with neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods, and evaluated by bootstrap analyses (Felsenstein, 1985) after 1000 replications.
DNA-DNA hybridization experiments were conducted between strain CC-CZW010 T and C. taihuense NBRC 108747 T . Bacterial genomic DNA was isolated by using UltraClean Microbial Genomic DNA Isolation kits (MO BIO) according to the manufacturer's instructions. DNA samples from strains CC-CZW010 T and C. taihuense NBRC 108747
T were loaded on to positively charged membranes as described by Seldin & Dubnau (1985) . Chromosomal DNA of both strains was used to construct hybridization probes by labelling with digoxigenin-11-dUTP (DIG). The experiment was carried out in triplicate for each sample.
For the investigation of chemotaxonomic characteristics, strain CC-CZW010
T and the reference strains were harvested at a similar physiological age. Polar lipids were extracted and analysed by two-dimensional TLC (Minnikin et al., 1984) , and isoprenoid quinones were purified according to Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . Polyamines were extracted as described by Scherer & Kneifel (1983) and analysed by HPLC. The dansyl derivatives were separated by using a Hitachi L-2130 equipped with a Hitachi L-2200 autosampler, Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm), and a reverse-phase C18 column (Phenomenex Synergi Fusion-RP80, 25064.60 mm, 4 mm particle size).
Fatty acid methyl esters were prepared, separated and identified according to the standard protocol (Paisley, 1996) of the Microbial Identification System (MIDI) (Sasser, 1990 ) using a gas chromatograph (Agilent 7890A) fitted with a flame-ionization detector. The type strains compared together were grown on NA for 48 h at 30 8C. Cultures were harvested from the plates and subjected to saponification, methylation and extraction (Miller, 1982) . Identification and comparison of fatty acids were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0).
Colony morphology, presence of flagella and morphology of the cells of strain CC-CZW010
T were investigated using cells grown on NA. Cell morphology was studied by transmission electron microscopy (JEM-1400; JEOL) as well as by light microscopy (model A3000; Zeiss). Growth of the strain CC-CZW010
T was tested on tryptic soy broth (TSB; Difco) agar and R2A agar (Oxoid). Growth was assessed in NB at different temperatures (10, 15, 20, 25, 30, 37, 42, 45 and 50 8C) , pH (pH 4.0-10.0, in 1 unit increments) and NaCl concentrations (1.0-10.0 %, in 1 % increments). Anaerobic growth was tested on NA supplemented with potassium nitrate (0.1 %, w/v) using an anaerobic chamber (COY) filled with H 2 /CO 2 /N 2 (5 : 19 : 76) gas. Gram staining was performed as described by Murray et al. (1994) . The following properties of strain CC-CZW010
T and the reference strains were tested in parallel under the same conditions. Additional enzymic activities, biochemical features and carbon-source oxidation abilities of strain CC-CZW010 T and the reference strains were determined by using API ZYM, API 20NE kits (bioMérieux) and the GN2 MicroPlate system (Biolog), respectively, according to the instructions of the manufacturers. Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bioMérieux). Flexirubin-type pigments were investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution (Bernardet et al. 2002) .
During 16S rRNA gene sequence analysis, pairwise comparison of the 16S rRNA gene sequences indicated that strain CC-CZW010
T shared a high sequence similarity to C. taihuense NBRC 108747 T (97.6 %) and C. aquaticum KCTC 12483 T (96.7 %), and lower sequence similarity (,96.6 %) to other species. Phylogenetic analysis indicated that strain CC-CZW010
T forms a coherent cluster with C. taihuense NBRC 108747 T (Fig. 1) . The DNA-DNA relatedness value of strain CC-CZW010 T with C. taihuense NBRC 108747
T was 49.2¡3.0 % (the reciprocal value was 28.5¡2.7 %), which also supports the genomic distinction of strain CC-CZW010 T by using the established molecular criteria for species-level relatedness (Wayne et al., 1987) .
T formed yellow colonies after incubation for 2 days on NA. Colonies were raised, circular, entire and 1-3 mm in diameter. Cell morphology was observed by transmission electron microscopy (Fig. S1 , available in the online Supplementary Material). Flexirubin-type pigments were produced. The differential characteristics of strain CC-CZW010 T , C. taihuense NBRC 108747 T and C. aquaticum KCTC 12483 T are indicated in Table 1 . The detailed phenotypic characteristics of strain CC-CZW010
T are given in the species description.
The DNA G+C content of strain CC-CZW010 T was 36.4¡0.1 mol%, which is in accordance with those of members of the genus Chryseobacterium (Bernardet et al., 2011) . The polar lipid profile of strain CC-CZW010 T (Fig. S2 ) was similar to other species of the Chryseobacterium with respect to the presence of phosphatidylethanolamine, two unidentified lipids (L1-2) and five aminolipids (AL1-5).
The polyamine pattern of strain CC-CZW010
T showed a predominance of sym-homospermidine (Hspd), which is the major polyamine contained in most species of the genus Chryseobacterium. The predominant quinone system was MK-6, which is compatible with other species of the genus Chryseobacterium. The detailed fatty acid profiles of strain CC-CZW010
T and the reference strains are given in Table 2 . The major fatty acids in strain CC-CZW010
T were anteiso-C 15 : 0 (7.9 %) , C 16 : 0 10-methyl/ iso-C 17 : 1 v9c (summed feature 9; 12.5 %), C 16 : 1 v7c/ C 16 : 1 v6c (summed feature 3; 13.2 %), iso-C 17 : 0 3-OH (16.0 %) and iso-C 15 : 0 (30.8 %), which are generally present in species of the genus Chryseobacterium.
Based on the distinct phylogenetic, phenotypic, biochemical and chemotaxonomic data provided, strain CC-CZW010
T represents a novel species of the genus NaCl range for growth (w/v, %) 0-4 0-2 ,1 Growth temperature (8C) 15-37 15-40 15-37 Utilization of (Biolog GN2):
Tween 80 Cells are Gram-stain-negative, non-motile rods, 1.3-1.6 mm in length and 0.5-0.6 mm in diameter. Colonies are circular, smooth and yellow after incubation for 2 days on NA. Growth occurs at 15-37 uC, pH 6.0-9.0 and in the presence of up to 4% (w/v) NaCl. Cells are oxidase-and catalase-positive. The following carbon sources are utilized: a-cyclodextrin, dextrin, glycogen, Tween 40, cellobiose, gentiobiose, a-D-glucose, maltose, D-mannose, turanose, succinic acid monomethyl ester, acetic acid,
and D-glucose 6-phosphate. Alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, naphthol-AS-BI-phosphohydrolase, b-glucuronidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase activities are present. Gelatin is hydrolysed. D-Glucose, D-mannose, maltose, capric acid and adipic acid are assimilated. The fatty acid profile consists of C 16:0 , iso-C 15:0 , anteiso-C 15:0 , iso-C 15:0 3-OH, iso-C 16:0 3-OH, iso-C 17:0 3-OH, C 16:1 v7c/C 16:1 v6c and C 16:0 10-methyl/iso-C 17:1 v9c. The predominant quinone system is MK-6. The polyamine pattern contains the major compound sym-homospermidine.
The polar lipid profile is composed of major amounts of phosphatidylethanolamine, two unidentified lipids and five unidentified aminolipids.
The type strain CC-CZW010 T (5BCRC 80786 T 5JCM 30470 T ) was isolated from sea urchins (Tripneustes gratilla) at Penghu Island in Taiwan. The DNA G+C content is 36.4+0.1 mol%.
DNA-DNA hybridization study of strains of Chryseobacterium, 12.5 10.7 6.0 *Summed features represent groups of two or three fatty acids that cannot be separated by GC with the MIDI system. Summed feature 3 consists of C 16 : 1 v7c/C 16 : 1 v6c; summed feature 9 consists of C 16 : 0 10-methyl/ iso-C 17 : 1 v9c.
